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INTRODUCTION
To reduce costs of transport, growing media are commercialized under low level of humidity. The growers are recommended to moisturize these materials prior to fill the pots, to avoid subsidence and consequently the loss of volume, especially after irrigation. These recommendations, however, are not precise about the level of humidity to be applied and there is a large variation in the concept of the optimal level of moisture. Simulations in laboratory with increasingly levels of moisture in the same substrate supported the following hypothesis: the moisture level applied in the growing media prior to fill the pots has a direct influence on the quantity of solids packed in the pots and on the physical properties related to the solid volume, as total porosity, void ratio and penetrability.
The present study had the following objectives: 1. To measure the effect of the moisture level of the growing medium on the packing density and its relation to the total porosity and to the void ratio by filling a container; 2. To evaluate the resulting packing density on the penetrability of the substrate; 3. To compare procedures to fill containers with growing media, based on three usual methods to determine bulk density.
MATERIAL AND METHODS
Sample of brown peat in natura (Class H6 after von Post) from Ararangua, Santa Catarina (Brazil) were homogenized, sieved (5mm) and submitted to three procedures of filling containers: a) without compaction (based on the norm EN 12580); b) under a light compaction on the top (based on the norm EN 13040) and c) under self-compaction through the whole profile of the sample (based on the German norm after VDLUFA: lift the cylinder to 10cm high and let it drop ten times to an even surface, after Hoffmann, 1991 and Baumgarten, 2002 ) . To compare the procedures we used 750 ml test cylinders of PVC fitted with an extension collar; a static compaction on the top of the extension collar (procedure b) was obtained placing a plunger (687,5g) on the material for three minutes, based on Aendekerk et al., (2000) .
Three moisture levels were applied: 1) light humid samples (without free water); 2) moist samples (by hand pressure free water appears between the fingers but no drop runs); 3) very moist samples (water drops run through the fingers by hand pressure). The determination of Dry Matter content (65°C) indicated that these moisture levels corresponded to, respectively, 62, 69 and 72% gravimetric humidity.
Total porosity (TP) was calculated as TP = 1 -(bulk density / particle density); the particle density was determined after Rowell (1994) and the bulk density followed the procedures 1. a, b and c).
The Void Ratio (VR), the ratio of the volume (cm 3 ) of void space to the volume of solid particles in a given sample of soil or substrate, was calculated as VR = (particle density / bulk density) 1 (Rowell, 1994), or simplified as Porevolume (%) / Solidvolume (%).
The pressure (Q) needed for a conical metal probe of 6.5 mm diameter to penetrate 4 cm vertically into the samples was measured with a micropenetrometer (Chatillon Digital Force Gauge, Greensboro, NC/USA, as described in Kämpf et al. (1999 a, b) . This pressure is calculated after the equation Q = F / A (Bengough and Mullins, 1990) where F (force) is the value displayed in the instrument (N) and A (area) is the measured cross-section (cm) of the apical cone (semiangle = 30°).
RESULTS AND DISCUSSION
The effect of the initial moisture of the substrate on the amount of solid particles packed into the cylinders depends on the filling procedure (Fig. 1) .
Using the procedures without or with top compaction, both higher moisture levels reduced the volume of packed solids from ca. 13 to 16% (p = 0.01), maintaining the porosity constant at ca. 86% of the volume. Using the self-compaction procedure, the maximal reduction of the packed solids was only 4% (at 69% moisture level), but the total porosity decreased to 81% volume (p= 0.01), affecting negatively the ratio Pores:Solids.
Void ratio (VR) is a less commonly used characteristic to describe growing media, although it is pointed out as a helpful attribute to predict soil behavior (www.umr.edu/~rluna/research). The results of this study show a clear negative linear relation (p< 0.01) between VR and the compaction level of the samples, obtained through the different procedures to fill the containers (Fig. 2) . This ratio was significantly higher filling the cylinder with no pressure. The increase in the moisture level of the samples, however, showed a non linear tendency, with the highest VR at 69% gravimetric humidity (Fig. 3) .
Beside the reduction of the value VR, filling containers with higher compaction showed also a significant increase of the mechanical impedance, reducing the penetrability of the substrate.
The penetrability into the samples was affected by the procedures and the moisture levels. Independent of the water content, the penetration resistance of the samples filled with no compaction or with top compaction was very low (under 200 kPa), while through the selfcompaction these values did rise up in the range between 700 and 800 kPa, reaching up to 1,300 kPa at the highest level of humidity (Fig. 4) .
CONCLUSIONS
According to the results, the procedures with no and with top compaction (based respectively on the norm EN 12580 and EN 13040) applied to very moist samples of brown peat (73% gravimetric humidity) are more appropriate to fill shallow containers like plugs and flats by maintaining a higher volume of porosity using less substrate. On the other hand, the self-compaction procedure (based on the German norm after VDLUFA) is more appropriate for taller containers, where the initial compaction can reduce the subsidence of the potted substrate. Although, by using this procedure, it is recommended not to apply the highest level of humidity to the sample prior to fill the container, to avoid the reduction of the penetrability of the substrate. Literature Cited Aendekerk, Th. G.L., Aendekerk, G.L., Cevat, H., Dolmans, N., Elderen, C. Van Figures   Fig. 1 . Effect of three procedures to fill a container with Brazilian brown peat under three moisture levels (referred as % of gravimetric humidity) on the amount of the packed solids (measured as bulk density). Same letters don't differ significantly (Tukey, p<0.05): capital letters compare the three procedures; short letters are related to the three moisture levels (62, 69 and 73% gravimentric humidity) for each procedure. 
